Abstract. Swarm intelligence based image enhancement method is an important method to improve the image visual effect. In order to improve the image enhancement algorithm based on the antlion optimization, a quadratic interpolation technique is introduced to improve the image enhancement algorithm of the antlion optimization method which has the disadvantages of slow convergence speed and low computational accuracy. The new algorithm uses quadratic interpolation to accelerate the convergence speed of ant population and antlion population, to balance the global and local searching ability of the antlion algorithm, so as to improve the estimation precision of the optimal parameters in the incomplete Beta function and improve the image quality. The two evaluation indexes verify that the new algorithm is better than the contrast algorithm in statistical meaning, and extend the research of the antlion optimization algorithm.
Introduction
Image contrast enhancement is an important part of image processing and an important means to improve the visual effect of image. The image enhancement method based on incomplete Beta function is to stretch and compress the image according to the different values of two parameters to make the gray scale of the image more uniform and more accord with the human visual characteristics. Estimating the optimal parameter value is the key of this method.
In recent years, swarm intelligence algorithm has become the main method to solve the optimization problem by the competition, cooperation and sharing mechanism among groups. The swarm intelligence algorithm has been developed in the past few years, which makes the group evolve to the best direction.
In the image enhancement algorithm based on swarm intelligence, the optimal parameters of the incomplete Beta function are calculated by intelligent optimization mechanism and used to improve the image enhancement effect. Antlion optimization algorithm (ALO) [1] is a new intelligent method proposed in 2015. By simulating the survival mechanism of antlion hunting ants, the global and local search strategy is designed to solve the global optimization problem to obtain the solution, which has the advantages of simple calculation and easy execution, has been used to solve many practical problems. The slow convergence speed of ALO and the low computing precision attract many scholars to study it. Because of the shortcomings of the ALO algorithm, the image enhancement method based on the optimization of the antlion is not ideal.
Quadratic interpolation [2] is an effective method to accelerate the convergence speed of optimization algorithm and improve the accuracy of calculation. This paper introduces an antlion optimization based quadratic interpolation to enhance the computing precision of ALO algorithm, then proposes an improved antlion optimization image enhancement method. The new algorithm speeds up solving of the optimal parameters and improves the accuracy of the optimal parameters. The experimental results show that the new algorithm is better than the contrast algorithm, and improves the visual effect of the image.
Normalized Incomplete Beta Function Applied to Image Enhancement
Normalized incomplete Beta function is:
where, 0 , ,
Combining incomplete Beta functions with intelligent algorithms can automatically derive  and  value.
Image Enhancement Based on Improved Antlion Optimization Algorithm

Improved Antlion Optimization Algorithm(QIALO)
The antlion optimization algorithm [1] first randomly generates n ants and n antlions. Calculate and sort the fitness of the antlion, and find the best antlion as the elite antlion (eAL). Randomly select an antlion as the choice antlion (wAL) through roulette. The ants randomly walk around the elite antlion and the choice antlion, the formula for random walk of ants is (Apply to each dimension):
is the kth iteration, and max t is the maximum number of iterations, ) (t r is a random number function:
In order to keep the random walk of ants in search space, they are normalized using Eq.5.
where, 
where, Al is the position of the eAl or wAL on the tth iteration. Then update the ants position according to Eq.7.
where, ) (t R w i is the position where the ith ant moves randomly around the wAL at the tth iteration, and
is the position at which the ith ant moves randomly around the eAL at the tth iteration. Because the basic antlion optimization algorithm has the disadvantages of slow convergence and low calculation accuracy, the quadratic interpolation algorithm was introduced to update the ants' position for the second time. The ant fitness values of the first update are sorted in ascending order,and select three ants in turn , and confirm the three point are
. Using Eq.8 calculates the new position of ant, that is
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The final update position of ant is:
The formula for updating the position of the antlion is:
where,
AL is the position of the ith antlion for the tth iteration, and
A is the position of the ith ant for the tth iteration, and f is the fitness function.
Image Enhancement Based on QIALO
To overcome the shortcomings of slow convergence speed and low computational accuracy of image enhancement algorithms based on ant lion optimization [3] , the antlion optimization algorithm based on quadratic interpolation was applied to image enhancement in order to improve image quality. Image enhancement algorithm based on QIALO is proposed. The specific steps are as follows.
Step1: Use the Eq.11 to normalize the original image:
where, the original image is ) ,
, MA x and MI x are the max and min values of the grayscale in the original image.
Step2: Using QIALO algorithm, and Eq.12 as the image quality evaluation function, the optimal  and  parameters of the normalized incomplete Beta function are calculated.
where, L and W are the length and width of the image. Because the value of the evaluation function is larger the better, the values of  and  needed to satisfy the value of the evaluation function are the greatest.
Step3: Combining Eq.1 and Eq.2 to transform the normalized image:
(13) Step4: Use the Eq.14 to anti-normalize the transformed image. The output image is ) , ( j i g :
(14)
Experiment Results and Analysis
To verify the effectiveness of the image enhancement algorithm based on QIALO, seven images ( Pout, Lena, Rice, Cameraman, Trees, Starrysky, lifting body, in turn denoted F1-F7 ) were selected.The seven images are enhanced by QIALO, ALO, the histogram equalization (HE) [4] , the basic particle swarm optimization ( PSO ) [5] and the artificial bee colony algorithm (ABC) [6] . The enhanced image effect is obtained by compares the peak signal-to-noise ratio (PSNR) [7, 8] and feature similarity (FSIM) [9] obtained from the image enhancement of these 7 images. Verify 
where, MSE is the mean square error between the original image and the processed image. MAX indicates the maximum value of the image color. The greater the PSNR value, the better the image enhancement effect. The formula of FSIM is:
where,  represents the entire spatial domain of the image, ) (x S L is the similarity between the reference image and the evaluated image, ) (x PC m is used to adjust the importance of ) (x S L in image evaluation. The closer the FSIM value is to 1, the higher the image quality.
The obtained FSIM and PSNR values are recorded in Table 1 , the obtained  and  values are recorded in Table 2 , and the original and enhanced images are shown in Fig.1 to Fig.7 (the population number is 15, the maximum number of iterations is 25, and the algorithms runs 20 times to obtain the average value). The results in Table 1 show that for the four images F3, F4, F5 and F7, and the FSIM and PSNR values obtained by the QIALO algorithm are better than the index values obtained by the other intelligent algorithms (except HE), and the two index values of F5 and F7 are also better than those obtained by the HE algorithm. For the three images F1, F2 and F6, although the FSIM value obtained by the QIALO algorithm is not the best, the PSNR value is the best than other intelligent algorithms except HE. From these index values, it can be concluded that QIALO as a whole is still very effective for image enhancement. In Fig.2, Fig.4 and Fig.7 , the contrast of QIALO-enhanced image from the human visual perception is still obvious. In general, the improved ALO algorithm based on quadratic interpolation has a significant effect on image enhancement.
Summary
Quadratic interpolation is an effective method to speed up the convergence of the optimization algorithm and improve the accuracy of the calculation. In order to overcome the shortcomings of slow convergence and low computational accuracy of image enhancement algorithms based on antlion optimization, this paper introduces quadratic interpolation, and it was used to the image enhancement based on the antlion optimization, and proposes an improved new antlion optimized image enhancement method. The new algorithm accelerates the speed of the optimal parameters and improves the accuracy of the optimal parameters. In this paper, the experiment compares QIALO with several other algorithms and verifies that the new algorithm is better than the contrast algorithm, improves the visual effect of the image, and expands the application field of the Antlion optimization algorithm.
